Context. The surface brightness distribution of ∼30-40% of the early-type dwarf galaxies with −18 ≤ M B ≤ −15 in the Virgo and the Coma clusters is fitted by models that include two structural components (Sèrsic + exponential) as for bright disc galaxies. Aims. The goal of the present study is to determine whether early-type dwarf galaxies with a two-component stellar structure in the Virgo and the Coma clusters are low-luminosity copies of bright disc galaxies or are the remnants of bright galaxies strongly transformed by cluster environmental effects. Methods. I analysed the location of bright disc galaxies and early-type dwarfs in the r b,e /h-n plane. The location in this plane of the two-component dwarf galaxies was compared with the remnants of tidally disrupted disc galaxies reported by numerical simulations. Results. Bright unbarred disc galaxies show a strong correlation in the r b,e /h-n plane. Galaxies with larger Sèrsic shape parameters show a higher r b,e /h ratio. In contrast, two-component early-type dwarf galaxies do not follow the same correlation. A fraction (∼55%) of them are located outside the locus defined in this plane by having 95% of bright disc galaxies. This distribution indicates that they are not a low-mass replica of bright disc galaxies. The different location in the r b,e /h-n plane of two-component early-type dwarfs and bright galaxies can be qualitatively explain whether the former are remnants of disc galaxies strongly transformed by tidal processes. Conclusions. The progenitors of ∼20-25% of early-type dwarf galaxies with −18 ≤ M B ≤ −15 in the Virgo and Coma clusters could be bright disc galaxies transformed by effects of the environment. These tidally transformed galaxies can be selected according to their location in the r b,e /h-n plane.
Introduction
Automatic galaxy classifications use different physical parameters to classify galaxies in several morphological types. We can mention the galaxy colours, bulge-to-disc ratio, luminosity, light concentration, and asymmetry as some of the parameters that have been extensively used in the literature. Galaxies can be divided into two large groups according to their luminosity: bright (M B < −18.0) and dwarf (M B > −18.0) galaxies. Historically, the cut at M B = −18.0 has been caused by the change in the behaviour of certain scaling relations of galaxies at this luminosity (see Binggeli et al. 1984a; Kormendy 1985) . New data have questioned the reality of this discontinuity (see e.g. Jerjen & Binggeli 1997; Graham 2003; Gavazzi et al. 2005; Aguerri et al. 2005a; Côté et al. 2006) . Nevertheless, it is well documented that both bright and dwarf galaxies contain systems showing different structures, colours, stellar contents, kinematics, and probably origins.
Dwarf galaxies are the most abundant type of galaxies in the Universe (see Phillipps et al. 1998) . The study of their properties is of great interest because, according to the cold dark matter (CDM) theory, the structure formation in the Universe was built up by merging small sub-units into larger ones. Dwarf galaxies are therefore the building blocks of large and massive galaxies. In addition, their small gravitational potential wells render them fragile against tidal interactions. This implies that they are ideal objects for studying environmental processes and mass assembly in galaxy clusters.
According to their stellar population content, dwarf galaxies can be classified as star-forming (dwarf irregulars and blue compact dwarfs; e.g. Thuan & Martin 1981; van Zee 2000; Amorín et al. 2009 ) and quiescent (dwarf ellipticals, compact ellipticals, and dwarf spheroidals; e.g. Sandage & Binggeli 1984b; Kormendy et al. 2009 ). The former are more abundant in the field, and the latter are located in high-density environments as galaxy groups or clusters (see e.g., Hogg et al. 2004; Sánchez-Janssen et al. 2008 ). This dichotomy can also be observed in the galaxy luminosity function. Thus, the faint end of the luminosity function of field galaxies is formed mainly by blue and low-mass galaxies (e.g. Blanton et al. 2005; Montero-Dorta & Prada 2009 ). In contrast, red dwarf galaxies dominate in number the faint end of the luminosity function of galaxies in nearby clusters (e.g. De Propris et al. 2003; Popesso et al. 2006; Agulli et al. 2014) .
In this study I denote the quiescent dwarf systems located mainly in galaxy clusters as early-type dwarf galaxies. I will also denote those systems showing distinct bulge-to-disc ratios as bright disc galaxies. This includes S0, early, and late-type spiral galaxies.
That early-type dwarfs are located in high-galaxy density environments has been interpreted as a link between A&A proofs: manuscript no. 26980 their origin and the environmental processes that galaxies undergo in clusters. Several physical processes taking place in clusters can produce strong galaxy evolution (see Boselli & Gavazzi 2006) although some affect only the gas content of the galaxies. We may mention rampressure stripping (see Gunn & Gott 1972; Quilis et al. 2000; Bekki 2009 ), starvation (see Larson et al. 1980; Bekki et al. 2002) , and strangulation (see Kawata & Mulchaey 2008) . Other processes affect both their gas and stellar contents; these include harassment (Moore et al. 1996) , tidal interactions (Merritt 1984; Aguerri & González-García 2009) , and mergers. These processes can strongly change the morphology (see Aguerri et al. 2004 Aguerri et al. , 2005a Lisker et al. 2006a; Méndez-Abreu et al. 2010) , kinematics (see Pedraz et al. 2002; Geha et al. 2003; Toloba et al. 2009 ), and stellar content (see Haines et al. 2006; Smith et al. 2009 ) of galaxies on time scales smaller than a few Gyr. All of these physical mechanisms ensure that part of the stellar and/or gas content of the galaxies are finally located as free-floating objects within the cluster potential. The galactic material removed from galaxies constitutes the so-called intracluster light observed in some nearby galaxy clusters (e.g. Arnaboldi et al. 2002; Aguerri et al. 2005b; Gerhard et al. 2005; Castro-Rodriguéz et al. 2009 ). It is still a matter of debate which of these physical mechanisms drives the evolution of dwarf galaxies in high-density environments (see Boselli & Gavazzi 2014 , for a recent review).
The quenching of star formation in galaxies located in highdensity environments has been reported well in the literature (e.g. Lewis et al. 2002) . Some observational studies suggest that early-type dwarfs can result from the recent migration of starforming faint galaxies through the green valley. This migration would be due to the abrupt and fast truncation of their star formation rate produced by the sweeping out of their cold gas by the ram-pressure effect. Within this framework, the progenitors of early-type dwarf galaxies would be dwarf systems with active star formation that was quenched by the sweeping out of their cold gas content by the interaction of the galaxy with the hot intracluster medium (see Boselli et al. 2008; Gavazzi et al. 2010) . The lines of observational evidence for this argument include (i) the similar faint-end slope of the galaxy luminosity function observed in nearby galaxy clusters and the field (see e.g., Boselli et al. 2011; Agulli et al. 2014) ; (ii) the relation of the gas content, colour, and environment found in clusters (e.g. Sánchez-Janssen et al. 2008; Gavazzi et al. 2013 ); (iii) the age and metallicity spread observed in dwarf galaxies of nearby clusters, together with the correlation between age, metallicity, and clustercentric distance (see Boselli et al. 2008; Smith et al. 2009; Toloba et al. 2009; Koleva et al. 2013) ; the globular cluster content (see Sánchez-Janssen & Aguerri 2012); and the different kinematics properties between galaxies located in the inner and the outermost regions of the clusters (see Toloba et al. 2009 ).
The family of early-type dwarf galaxies is so complex that it is unlikely that their formation and evolution can be explained by a single process. A fraction of early-type dwarf galaxies in clusters show complex structure, rotation, or the presence of gas, dust, and star formation in their centres (Lisker et al. 2006a (Lisker et al. ,b, 2007 . These properties indicate that these objects are low-mass disc galaxies. The origin of these early-type dwarfs is still unclear: Are they low-mass copies of bright disc galaxies with quenched star formation by ram-pressure stripping? Or are they the remnants of bright disc galaxies strongly transformed by environmental processes? In the first case, the stellar scaling relations and kinematic properties of low-mass disc galaxies would be similar to those of bright disc galaxies because the rampressure stripping only affects the gas content of galaxies, leaving the stellar component almost unchanged (see Kenney et al. 2004; Kronberger et al. 2008) . In the other case, it is expected that low-mass discs have different scaling relations and kinematic properties from bright disc galaxies. In this case, tidal interactions strongly perturb their stellar distribution and/or stellar kinematics (Aguerri & González-García 2009) .
The N-body simulations show that tidal interactions can undergo major structural transformations on galaxies in clusters (see Mastropietro et al. 2005; Aguerri & González-García 2009; Benson 2014) . Several fast encounters of bright/massive bulge-disc galaxies with the cluster potential or the cluster substructure can remove up to 80-90% of their total mass (see Peñarrubia et al. 2008; Aguerri & González-García 2009) . This mass truncation also produces significant changes in their structural parameters, such as effective radius (r b,e ) and Sèrsic shape (n) parameters of the bulges and the scale length (h) of the discs, although the bulge-disc structure is kept in the remnants (see Aguerri & González-García 2009 ).
Studies of structural parameters in early-type dwarf galaxies show that, for most of them, their surface brightness distributions can be properly fitted by a single Sèrsic profile with shape parameters n ≈ 1 (see e.g. Binggeli & Cameron 1991; Barazza et al. 2003) . Nevertheless, a fraction of early-type dwarf galaxies need more than one component to fit their surface brightness distributions (see Aguerri et al. 2005a; Janz et al. 2014) . These early-type dwarf galaxies with two structural components are usually called dS0. In contrast, we call dwarf ellipticals (dE) those early-type dwarfs with only one structural component. In a study of 99 dwarf galaxies in the Coma cluster, found that about 30% of them have two structural components. More recently, Janz et al. (2014) have shown that two-thirds of their dwarf galaxies in the Virgo cluster show a multicomponent structure including bulges, discs, bars, and lenses.
The aim of the present paper is to analyse the structural parameters of a sample of dS0 galaxies located in the Virgo and Coma clusters within the framework of the simulations of Aguerri & Gonzalez-Garcia (2009) . In particular, we study the location of the dS0 galaxies in the r b,e /h-n plane in comparison with that of the bright disc galaxies and the remnants of tidally disrupted massive disc galaxies as revealed by numerical simulations. According to Aguerri & González-García (2009) , it is in this plane that the remnants of strongly harassed disc galaxies are located in a different region from bright disc galaxies.
The structure of the paper is as follows. Section 2 contains the description of the sample used in this work. The results are shown in Section 3. The discussion and conclusions are given in Sections 4 and 5, respectively. The cosmological parameters used in the present work are H 0 = 75 km s −1 Mpc −1 , Ω m = 0.3, and Ω Λ = 0.7.
The galaxy samples and the galaxy structural parameters
The sample of galaxies studied in this paper was divided into two subsets: bright and dwarf galaxys. The structural parameters of the galaxies in both samples were obtained from several studies in the literature.
The bright galaxy sample
The structural parameters of the bright disc galaxies were obtained from:
-The sample from Méndez-Abreu et al. (2008) . This sample of galaxies is formed by 148 galaxies with intermediate inclination (i < 65 • ) and classified as discs with Hubble types from S0 to Sb. The structural parameters of the galaxies were obtained from 2MASS images in the J band -The sample of Graham (2003) . This sample consists of 86 spiral galaxies from the local and volume-limited sample of de Jong & van der Kruit (1994) . The structural parameters were fitted on photometrical images observed through B, R, I, and K bands. -Galaxies from Mollenhoff & Heidt (2001) , who obtained the structural parameters for 40 bright spiral galaxies with Hubble types from Sa to Sc. The best-fitting J, H, and K structural parameters are given in this work. -Galaxies from MacArthur et al. (2003) . This sample is formed by 121 galaxies with Hubble types ranging from Sab to Sd and intermediate inclination (i < 60 • ). Structural parameters of the galaxies in B, V, R, and H bandpasses are provided.
A common feature of these samples is that the structural parameters of the galaxies were obtained by fitting only two components (bulge and disc) to the surface brightness of the galaxies. All these studies used the same mathematical expressions for models describing the two galaxy components. In particular, the surface brightness profiles of the bulge was modelled by the Sèrsic's law, given by
where r b,e , I b,e , and n are the effective radius, surface brightness at r b,e , and the so-called Sèrsic shape parameter, respectively. The value of b n is coupled to n so that half of the total flux of the profile is enclosed within r b,e . It can be approximated by b n = 0.868n − 0.142 (see Caon et al. 1993 ). This mathematical law has been extensively used in the literature to fit the surface brightness profiles of bulges across the Hubble sequence (e.g. Andredakis et al. 1995; Aguerri et al. 2004; Simard et al. 2011; Meert et al. 2015) . The discs of the galaxies were fitted using an exponential law (Freeman 1970) given by
I d,0 and h being the central disc surface brightness and the disc scale length, respectively. Only galaxies with M B < −18.0 were considered in the bright galaxy sample.
1 . To minimize the differences in the structural parameters due to fits in different wavelengths, only those galaxies with structural parameters obtained in J, H, or K bands were considered. This means that the total number of bright galaxies taken into account in this study is 297.
The dwarf galaxy sample
The surface brightness profiles of dwarf early-type galaxies are usually fitted using a single Sèrsic profile. Few studies in the literature have handled the analysis of the surface brightness distribution of early-type dwarf galaxies using several components. The sample of dwarf galaxies used here comes from: -The sample of Aguerri et al. (2005a) . This sample consists of 99 galaxies from the Coma cluster with −18.0 < M B < −15.7 and B − R > 1.25. From this sample, 29 objects were classified as two-component dS0s. -The sample of Janz et al. (2014) . This sample is formed by 121 galaxies in the Virgo cluster with −19.0 < M r < −16.0. About 70% of the sample needed more than one structural component in order to fit their 2D surface brightness distributions.
The surface brightness profiles of the galaxies from the Aguerri et al. (2005a) sample were fitted using two structural components (Sèrsic + exponential). The Sèrsic profiles were used for the fit of the innermost regions of the galaxies. In addition, an exponential profile was used to fit the surface brightness profile at large radii. In this case, the decision to fit two structural components was made based on the residuals in the surface brightness profiles obtained when only one Sèrsic component was considered in the fits. In this sample, the structural parameters of the Sèrsic and exponential components were obtained in the R band.
The surface brightness distributions of the sample of dwarf galaxies from Janz et al. (2014) were fitted using several structural components. They classify the galaxies into four main groups according to the number of components used in the fits. One-component galaxies turned out to be about 30% of the sample. The surface brightness distribution of these galaxies was fitted using one Sèrsic profile. Galaxies with two components (Sèrsic + exponential) formed about 40% of the sample. Threeand four-component galaxies showed bars and/or lenses in addition to the Sèrsic and exponential components. The percentages of galaxies with bars and lenses turned out to be 14% and 16% of the galaxies in the sample, respectively. Only dwarf galaxies with two structural components (Sèrsic + exponential) were considered in the present study. In the case of the dwarf galaxies in the Virgo cluster, the fit of one or more structural component was decided based on the residuals in the surface brightness profiles of the galaxies and the comparison of the radial trends of the ellipticity and position angle isophotal profiles of the galaxy and the model fitted (see Janz et al. 2014) . In this sample, the structural parameters of the dS0 galaxies were obtained from images observed throught the H bandpass.
The sample from Janz et al. (2014) is about half a magnitude deeper 2 . Nevertheless, both galaxy samples cover similar galaxies and contain the bright end of the dwarf galaxy populations in the Virgo and Coma clusters. There are differences in the quality of the images used for the structural decomposition of the dS0 galaxies in the Virgo and Coma clusters. The images of the dS0 galaxies from the Virgo sample have better resolution than those from the Coma cluster owing to the closer distance of the first cluster. In particular, the FWHM of the seeing of the Coma cluster images is 0.65 kpc, while for the Virgo images, it varies between 0.04 and 0.13 kpc. The lower resolution of the Coma cluster images could produce larger uncertainties in the structural parameters of the galaxies, especially for the faintest ones A&A proofs: manuscript no. 26980 (see Sect. 3.3). Nevertheless, both samples were considered because no other large sample with structural parameters from dS0 galaxies is available in the literature. In addition, detailed galaxy simulations for the Coma cluster galaxies were done in order to obtain the uncertainties of the structural parameters of the galaxies as a function of their apparent magnitude (see Aguerri et al. 2004) . It was obtained that the structural parameters of the simulated galaxies were recovered with mean uncertainties smaller than 20% for those with apparent R-band magnitudes smaller than 17.0. This is the sample of the Coma cluster dS0 galaxies adopted in this study.
Filtering the structural parameters
The structural parameters of the galaxies were filtered in order to obtain a reliable and homogeneous sample of bulge and disc parameters. The first filter was related to the morphological classification of galaxies. The presence of bars or additional structural components affects the bulge and disc structural parameters when only two component models are fitted to the galaxy surface brightness distributions (e.g. Aguerri et al. 2005c; Gadotti 2008; Salo et al. 2015) . In particular, Gadotti (2008) estimates that the presence of a bar can increase the bulge-to-disc ratio and the effective radius of the bulge by about 20%. Recently, Salo et al. (2015) has shown that structural decompositions of barred galaxies using two-component models (bulge and disc) overestimate the values of n and the r b,e /h ratio by a large factor. This overestimation is greater in the case of late-type spiral galaxies (see fig. 27 from Salo et al. 2015) . To avoid this effect, only galaxies morphologically classified as spirals (S) or lenticulars (S0) were considered. Galaxies with SB or SB0 morphological classifications were excluded.
The structural parameters of the galaxies were obtained using automatic algorithms. The best solution obtained by these algorithms is a combination of a Sèrsic and an exponential, thereby minimizing some statistical parameter such as the χ 2 . Nevertheless, the mathematical solution obtained could be a non-physical one. Allen et al. (2006) fitted a large number of surface brightness profiles of galaxies with two structural components and analysed the different types of profiles obtained from automatic fits. They show that all the fitted profiles could be classified into eight different types. The same classification of the fitted profiles was implemented in this study. Finally, only profiles classified as "classic profiles" (type 1 profiles from the classification in Allen et al. 2006) were considered. For these profiles, the Sèr-sic component dominates the flux of the galaxy at the innermost region, whereas the disc profile dominates at large radii. In this case the Sèrsic profile represents the bulge component, and the exponential profile models the disc of the galaxy.
Taking these restrictions into account, the final number of bright and dwarf galaxies used in the present study were 229 and 71, respectively. I notice that 68 bright galaxies were excluded after the filtering proposed here. In most of the cases, the galaxies were excluded because of the morphological type. Only three bright galaxies were excluded only because the fitted structural parameters result in non-physical profiles.
Variation in the structural parameters with wavelength
The values of the structural parameters of the galaxies can depend on the wavelength at which they were observed (see e.g. Prieto et al. 2001) . In the present study, small differences in the structural parameters of the galaxies due to wavelength variation Fig. 1. Variation in r b ,e /h and n with the bandpass for those galaxies with structural parameters determined in images observed through different wavelengths. Bright galaxies from Graham (2003) and Möllenhoff & Heidt (2001) were used. Black squares represent all galaxies. Blue and red squares show galaxies with bulges showing n < 2 and n > 2, respectively. The numbers located in the top panel indicates the number of total galaxies (black), those with bulges with n > 2 (red) and n < 2 (blue).
are expected. This is due to the selection of the bright and dwarf galaxy samples considered here. The structural parameters of the dwarf galaxies were obtained from samples observed in R or H bands. In addition, the structural parameters were obtained from J, H, or K bands for the bright galaxies. Then, the largest expected variation is between the structural parameters obtained the the R and K bands. To compute and analyse this difference, we studied the variation in the values of n and r b,e /h as a function of the broad band used in the observations. This was done by comparing the structural parameters of the galaxies of the samples observed in several photometric broad-band filters. Figure  1 shows the difference between the values of n and r b,e /h obtained in different bands and those obtained in theK band. Figure 1 also shows the variation in the structural parameter with wavelength for those galaxies with bulges showing n > 2 (red symbols) and n < 2 (blue symbols). I would like to point out the small dependence in the structural parameters considered and the wavelength. We therefore do not expect differences in the results because of the different photometric filters used in observing the galaxies.
Results
3.1. Location of bright galaxies in the r b,e /h-n plane Figure 2 shows the location in the r b,e /h-n plane of the bright disc and dS0 galaxies. The bright disc galaxies follow a strong correlation in this plane. The Pearson correlation coefficient of the r b,e /h-n relation for bright disc galaxies is 0.58, and the significance of the correlation is greater than 3σ. The correlation shows that bright disc galaxies with bulges with larger Sèrsic shape parameters also have higher r b,e /h ratio values.
The relation between the structural parameters of the bulge and disc for bright galaxies has already been analysed in the literature; for example, we may mention the correlation between r b,e and h found in several studies in the past (de Jong 1996; Möllenhoff & Heidt 2001; MacArthur et al. 2003; Méndez-Abreu et al. 2008 ). This correlation indicates that larger bulges reside in larger discs, a feature that indicates a common formation process for the bulge and disc components. The relation between r b,e /h and Hubble type 3 has also been analysed in the past. Several results indicate that r b,e /h does not depend on the Hubble type (de Jong 1996; Balcells et al. 2007; Graham & Worley 2008) . In this case, this means that the Hubble sequence is scale-free, and the bulge-disc size ratio cannot be used for the morphological classification of disc galaxies. In contrast, other studies show some variation in the r b,e /h ratio with the Hubble type (see Graham & Prieto 1999; Graham 2001) . The r b,e /h vs n relation presented in Fig. 2 has also been reported in the literature (e.g. Méndez-Abreu et al. 2008; Debattista et al. 2006) . Numerical simulations of bulges and discs of galaxies formed in hierarchical clustering scenarios report similar relations between the ratio of the bulge and disc scale lengths and the Sèrsic shape parameter of the bulge (see Scannapieco & Tissera 2003; Tissera et al. 2006) .
To understand the physics behind the obtained relation between r e,b /h and n for our sample of bright galaxies, we analysed the dependence of these two quantities on other parameters, such as Hubble type (T ), bulge absolute magnitude in the K-band (M B,K ), bulge-to-total ratio (B/T ), and disc K-band absolute magnitude (M D,K ). Figure 3 shows these relations. All the quantities were obtained from the structural decompositions of the bright disc galaxies considered in the present work. The Pearson test shows that the significance of the correlations between r e,b /h and T , M B,K , and B/T are greater than 3σ. In contrast, this test reports no significant correlation between r e,b /h and M D,K . The strongest correlations are r e,b /h vs T and r e,b /h vs B/T . The dependence of n is evident with all galaxy parameters we studied. The Pearson test shows that the significance of the correlation between n and the other parameters are greater than 3σ for all cases. These relations indicate that those bright galaxies selected in the present work with higher r e,b /h values are those with prominent bulges and higher values of n. The prominence of the bulge is one of the main physical parameters driving the Hubble galaxy classification. The correlation between r e,b /h and n for bright galaxies is therefore a consequence of the prominence of the bulge and therefore of the Hubble sequence.
Location of dS0 galaxies in the r b,e /h-n plane
The distribution of dS0 galaxies in the r b,e /h-n plane differs from that for bright disc galaxies. Figure 2 shows that dS0s do not follow any relation in the r b,e /h-n plane. In addition, a fraction of dS0 galaxies (∼55%) are located outside the locus occupied by 95% of bright disc galaxies 4 . The statistical differences in the distribution of bright and dS0 galaxies have also been computed by using the two-dimensional Kolmogorov-Smirnov (KS2D) test. This test gives the probability that two distribution of points come from the same distribution function. The results of the KS2D test on the points represented in Fig. 2 returns than bright and dwarf galaxies are statistically different at significance level better than 99.9%. This differences are also obtained when only bright and dS0 galaxies from the Virgo and the Coma clusters are considered separately.
The dS0 galaxies show low values of n. In particular, all dS0 from the Virgo cluster and 70% of those from the Coma cluster have n < 2. The low values of n of the dS0 galaxies are expected because the n parameter strongly correlates with the luminosity or mass of the spheroid component of the galaxies (see e.g. . Nevertheless, dS0 galaxies show higher values of r b,e /h than the expected ones for the low values of n that they have. The previous section shows that the parameter r b,e /h in the bright disc galaxies strongly correlates with T or B/T parameters. Thus, dS0 galaxies with large r b,e /h could indicate that they have more prominent bulges than those expected for the low n values that they show. This is evident after the analysis of the B/T values of bright discs and dS0 galaxies showing n < 2. The median B/T values of bright and dS0 galaxies are 0.17 and 0.21, respectively. The KS test shows that the probability distribution functions of B/T for bright discs and dS0 galaxies with n < 2 are statistically different at 95% C.L. In the case of dS0 galaxies outside from the locus described by the bright discs in the r b,e /h-n plane, the differences in B/T are greater. In this case, the median B/T is 0.24 and the two B/T families come from different distribution functions at 99% C.L. Figure 2 shows some differences between the dS0 galaxies in the Coma and Virgo clusters. In particular, the number of dS0 galaxies located in the locus defined by bright disc galaxies in the r b,e /h -n plane is larger in the Coma cluster than in Virgo. One possible explanation could be that the lower mass of the Virgo cluster favours tidal interactions. This would produce greater mass loss for the dS0 galaxies in the Virgo cluster and would result in large r b,e /h ratios. Nevertheless, the quality of the data and the number of galaxies studied cannot fully support this statement. Thus, the better resolution of the bulges of the Virgo galaxies, along with systematics in the selection of the samples or in the computation of their structural parameters, could also produce the observed differences. New data from a larger sample of nearby clusters would be needed to confirm the observed differences in the structural parameters of the dS0 galaxies of the two clusters.
Uncertainties in r b
,e /h and n for dwarf galaxies Figure 2 shows the uncertainties in r b,e /h and n structural parameters of the Virgo and Coma galaxies. These uncertainties were obtained by using the Monte Carlo simulations from Aguerri et al. (2004) . In these simulations, galaxies with similar sizes and luminosities to those expected in the Coma cluster were simulated in order to evaluate the uncertainties in the fit of their structural parameters. In particular, we selected those simulated galaxies with 17 < m r < 19. This set of galaxies contains dwarf galaxies down to M r < −16 at the distance of the Coma cluster. The selected simulated galaxies were grouped into three families according to the r b,e /PS F ratio, where PS F represents the FWHM of the point-spread function of the images of the Coma cluster. The three groups of simulated galaxies where those with r b,e /PS F < 1.2, 1.2 < r b,e /PS F < 1.5 and r b,e /PS F > 1.5. Finally, the mean absolute uncertainties of r b,e /h and n were computed for the three groups of simulated galaxies. As expected, larger uncertainties were obtained in the structural parameters of less resolved galaxies.
Both the Virgo and the Coma dS0 observed galaxies were also classified according to their r b,e /PS F ratio. The assigned uncertainties to r e,b /h and n were those computed using the simulated galaxies. These are the uncertainties shown in Fig. 2 for the Virgo and Coma dS0 galaxies. Larger uncertainties of r e,b /h parameter are shown by the dS0 galaxies in the Coma cluster. A&A proofs: manuscript no. 26980 This is because these galaxies are less resolved than those in the Virgo cluster. Considering these uncertainties, we can conclude that ∼ 40% of the dS0 galaxies are located outside the locus occupied by 95% of the bright galaxies.
Discussion
According to the distribution of dS0 galaxies in the r b,e /h-n plane, we can say that dS0 galaxies are not a low mass replica of bright disc galaxies. In contrast, some of the dS0 galaxies are located in a region of the plane similar to the one occupied by tidally truncated disc galaxies. This distribution could indicate that the progenitors of these dS0 galaxies are bright or massive disc galaxies tidally truncated by the cluster environment.
Numerical simulations show that the remnants of tidally truncated disc galaxies carry clues to their tidal origin (Aguerri & González-García 2009) . In particular, rotation in the external regions of galaxies can be expected in the case of dS0 galaxies being tidally truncated disc galaxies. In the present section, I discuss this situation by analysing the location of the fast rotators in the r b,e /h-n plane. I also analyse the distribution of dS0 galaxies in the phase space of clusters. This approach will provide information about the infall time of dS0 galaxies into the clusters. I also study the dependence of the results on the selection of the galaxy samples. Finally, I discuss other scenarios for the formation of dS0 galaxies.
Selection effects
The structural parameters of the bright galaxies used in the present study were obtained from various samples in the literature. These samples used different algorithms for computing the structural parameters. In addition, they also have different selection criteria for the galaxies analysed. The main result presented here is based on the strong correlation between r b,e /h and n for the bright galaxies. Could this relation be a product of a selection bias in the bright galaxy sample?
To study the dependence of these inhomogeneities in the distribution of bright galaxies in the r b,e /h-n plane, the distribution of the disc and massive galaxies presented in the Spitzer Survey of Stellar Structure in Galaxies (S 4 G, Sheth et al. 2010) were analysed. This is a deep 3.6 and 4.5 µm imaging survey of nearby galaxies. These galaxies have morphological classifications taken from HyperLEDA 5 . The structural parameters of these galaxies were presented in Salo et al. (2015) . They fitted the two-dimensional surface brightness distribution of the galaxies by multicomponent models including bulge, disc, bars, and other components. The selection of the galaxies in this sample is homogenous, and their structural parameters were obtained using the same numerical algorithm. I filtered the structural parameters of the galaxies in a similar way as described in Section 2.3. I considered only galaxies with two components (bulge and disc). In addition, the resulting fitted profiles can be classified as classic profiles in the sense that the bulge structures dominate the surface brightness in the inner regions and the disc in the outermost ones.
The catalogue of Muñoz-Mateos et al. (2013) provides information on the stellar masses of the S 4 G galaxies. I selected galaxies with M > 10 10 M ⊙ in order to analyse their distribution in the r b,e /h-n plane (see Fig. 4 ). The relation between r b,e /h and n for these massive galaxies from the S 4 G sample is similar 5 I acknowledgeusing the HyperLEDA database (http://leda.univ-lyon1.fr) Fig. 4 . Distribution of bright/massive galaxies in the r b,e /h-n plane. The shaded areas represent the locus of 95% of the galaxies from: galaxies with M > 10 10 M ⊙ from Salo et al. (2015) (red shaded region) and bright galaxies used in the present study (grey shaded region). The blue and black full lines represent the position of 50% of the galaxies in the Salo et al (2015) and the bright galaxies of the present study, respectively. to the relation shown by the bright galaxy sample used in this study. In particular, it is observed that galaxies with higher r b,e /h values show larger n parameters. In addition, the lower limit of the locus of 95% of the massive S 4 G galaxies is similar to the limit defined by the bright galaxy sample used in this work.
I may therefore conclude that no bias in the results presented in this work is expected owing to sample selection effects.
One possible formation scenario of dS0 galaxies
Section 3 shows that bright and dS0 galaxies do not follow the same correlation in the r e,b /h vs n plane. In particular, about 50% of the dS0 galaxies are located out from the locus defined by the 95% of the bright galaxies in this plane. Do these differences indicate something about the formation history of dS0 galaxies? In particular, can dS0 galaxies be remnants of strongly transformed bright disc galaxies by tidal interactions in the clusters?
Aguerri & González-García (2009) produced a set of numerical simulations in order to show the effects of tidal fast encounters in bulge-disc galaxies. In particular, these simulations analysed the structure and kinematics of a bulge-disc galaxy after several fast tidal interactions similar to those suffered by galaxies in cluster potentials. The initial conditions considered massive galaxies (8×10 11 −1.1×10 11 M ⊙ ) with different bulge-to-disc ratios (0.01 < B/D < 0.5). In all cases, the initial values of n for the bulge component of the galaxies were about 1.0.
The simulations show that after several fast interactions, the galaxies lose a large amount of their mass. Tidal disruption mainly affects the external regions of the galaxies. Both the darkmatter halo and the disc of the galaxies are strongly truncated. The stellar discs of the galaxies have reduced their scale lengths by about 30-50%. The bulge component also expands and increases its r e,b values. The mean values r e,b /h in the models after several fast interactions are between 0.1-0.6 more than the initial ones. These interactions therefore produce a sharp change in the values of r e,b /h of the galaxies. In contrast, no significant change in the values of n are observed in the models (see fig. 15 in Aguerri & González-García 2009) Fig. 2 . Distribution of bright disc galaxies (grey region) and dS0 (red dots and green squares) in the r b,e /h-n plane. The grey region represents the locus of 95% of the bright disc galaxies in this plane. The solid line shows the median of the distribution of the bright disc galaxies. The upper right corner of the r b,e /h-n relation for bright disc galaxies is mainly made by bulge-dominated systems. In contrast, disc dominated systems are mainly located in the lower left corner of the relation. The black stars represent fast rotators according to the classification given by Toloba et al. (2014). This tidal interaction scenario could explain the observed differences between bright and dS0 galaxies in the r e,b /h-n plane. Thus, tidal interactions could transform bright disc galaxies in dwarf-like systems. The resulting remnant would have similar values of n as the progenitor, but higher values of r e,b /h.
The simulations from Aguerri & González-García (2009) can explain the dS0 galaxies with n about 1. More simulations with higher initial values of n should be run in the future to properly explain all the dS0 galaxies. Janz et al. (2014) find that, at a given magnitude, the bulge components of the dS0 galaxies in the Virgo cluster are systematically larger than bulges of bright spirals. They conclude that this difference in the scales point towards the inner structural component of the dS0 galaxies not being ordinary bulges. It was mentioned above that tidal interactions produce an expansion of the bulge component of the galaxies (see Aguerri & González-García 2009) . Then, larger spheroidal components in the dS0 galaxies than the bulges of spirals are expected in the tidal scenario. Nevertheless, numerical interactions also indicate that the mass of the bulge component of the tidally truncated disc galaxies does not change (see Aguerri & González-García 2009) . This means that it would be the mass of the inner component of the dS0 and the mass of bulges of bright spiral galaxies that should be compared.
Are dS0 galaxies fast-rotator systems?
Simulations also show that tidally truncated bright disc galaxies conserve some memory of their initial dynamical state. Although several fast tidal interactions can disrupt a large portion of their mass, the remnants still maintain rotation in their outermost regions (see Aguerri & González-García 2009 ). This property implies that we should expect some rotation at large radii in dS0 galaxies if they are remnants of tidally truncated disc galaxies. To see whether the dS0 population has some indication of rotation in their external regions, I examined their stellar kinematical properties in the literature. Toloba et al. (2014) studied the stellar kinematics of 39 early-type dwarf galaxies in the Virgo cluster. They classified these galaxies in fast and slow rotators based on their specific angular momentum and ellipticity. We have identified nine galaxies in common between this sample and that of Janz et al. (2014) used in the present study. Seven of these common galaxies were classified as fast rotators by Toloba et al. (2014) . Six of the fastrotator galaxies are located outside the locus defined by 95% of the bright disc galaxies in the r b,e /h vs n plane. This means that most of them show some indication of rotation in their external regions, as expected if their progenitors were bright disc galaxies. 4.4. Are dS0 galaxies recent arrivals to the cluster?
Galaxies in clusters can evolve through the action of several physical mechanisms that can affect different galaxy components. In addition, the action of the physical mechanisms can be stronger in specific parts of the clusters. For example, rampressure stripping is stronger in the densest cluster regions where the gas density and the velocity of the galaxies are higher. Tidal interactions with the cluster potential are expected to be stronger in the central cluster regions when the galaxies pass through their orbital pericentre. Nevertheless, fast encounters with other galaxies in the cluster can take place at large cluster-centric distances. The time scales of these mechanisms are also different and can vary from a few Myr for ram-pressure stripping to a few Gyr for harassment. All these physical mechanisms and time scales make disentangling, which is the dominant mechanism driving galaxy evolution in clusters, a difficult challenge. It is probable that galaxies are transformed by several mechanisms during their life in the cluster.
We may wonder about the time of arrival of the dS0 galaxies studied here at the Virgo and the Coma clusters. In particular, we may distinguish between galaxies that have recently arrived at the cluster and those that have spent several Gyr living inside it by studying the position of galaxies in the phase-space diagram. Numerical simulations show that galaxy haloes located in the innermost regions of the cluster arrive, on average, earlier than those located in the outermost regions (see Haines et al. 2012) . The position of the galaxies in phase space can also tell us about the arrival time at the cluster. Recently, Oman et al. (2013) computed the probability distribution functions of the time of arrival at the cluster of haloes of galaxies located at different positions in the phase-space diagram defined by |v-v c |/σ c vs r/r 200 , where v is the line-of-sight velocity of the halo, v c and σ c are the mean velocity and velocity dispersion of the cluster, and r and r 200 are the radial distance of the galaxy to the cluster centre and the galaxy cluster virial radius. They defined a line in the phasespace splitting infalling galaxies and those residing in the cluster during several Gyr. (see fig. 4 from Oman et al. 2013 ) Fig. 5 . Distribution of dS0 galaxies (black points) in the phase-space diagram. The diagonal dashed line divides the phase-space diagram between the infall cluster region (ICR) and the virialized cluster region (VCR) (see Oman et al. 2013 ). Figure 5 shows the distribution of the dS0 galaxies used in the present study in the phase-space diagram. The dS0 galaxies are spread throughout the phase space. Nevertheless, a very small fraction of them can be considered as infalling galaxies, according to the Oman et al. (2013) result. Most of the dS0 galaxies arrived at the cluster potential several Gyr ago and have had enough time to undergo tidal interactions with the cluster potential or the cluster substructure.
Other possible formation scenarios of dS0 galaxies
The tidal formation scenario for dS0 galaxies is the preferred one in the present paper. Nevertheless, there are several physical processes that galaxies suffer in high density environments that can influence the formation and evolution of dwarf systems. In particular, those physical mechanisms related to the gas content of the galaxies can influence the morphology and the structural parameters of dwarf and bright galaxies. Thus, ram-pressure stripping (see Gunn & Gott 1972; Quilis et al. 2000; Bekki 2009 ), strangulation (see Kawata & Mulchaey 2008) , and starvation (see Larson et al. 1980; Bekki et al. 2002) produce the sweep of the cold and/or hot gas from the galaxies. This loss of gas stops the active star formation of the galaxies and produces a decrease in their stellar surface brightness (see e.g. Boselli & Gavazzi 2014; Rodríguez Del Pino et al. 2014) . In particular, the end of the star formation in the outer galaxy regions would produce a fading of these regions, producing shorter length scales of the discs of the galaxies. This would produce a change in the r b,e /h ratio in a similar way to tidal interactions. The variation in the structural parameters would be more pronounced when the galaxies are observed through optical bands, so more influenced by the light of young and intermediate age stars.
Some differences could be expected between the tidal and the gas loss scenarios. In particular, the external regions of the galaxies are completely truncated in the former scenario (see e.g. Mastropietro et al. 2005; Aguerri & González-García 2009; Bialas et al. 2015) . The stars and gas previously located in the external regions of the galaxies are disrupted by the interaction and located in the intracluster region. In contrast, in the gas loss scenarios, the stars in the external regions of the galaxies are not swept out (see e.g. . Nevertheless, these external regions should have very low surface brightness, which makes them difficult to observe. The presence or absence of truncation in the external regions of the galaxies must also appear in the kinematics of the galaxies (see e.g. Jaffé et al. 2011) . Thus, deep studies of the external regions of the dS0 galaxies could help us to differentiate between tidal and gas-stripping scenarios. In addition, detailed simulations of how the swept of the gas affects to the external parts of the galaxies and its structural parameters would help to distinguish between these scenarios.
Conclusions
The present study has analysed the location of a sample of bright disc galaxies in the r b,e /h-n plane. Bright disc galaxies show a strong correlation between r b,e /h and n. In particular, galaxies with bulges showing higher values of the Sèrsic n parameter also have higher r b,e /h ratio values. In contrast, multicomponent early-type dwarf galaxies do not follow this correlation. They are spread throughout the r b,e /h-n plane. In addition, a large number of them (∼55%) are located outside the locus defined by 95% of the bright disc galaxies in the r b,e /h-n plane. These dS0 galaxies are located in the same position as the remnants of strong tidally truncated disc galaxies, as described by high resolution numerical simulations. Therefore, these dS0 galaxies in clusters would be the end products of galaxies strongly transformed by tidal interactions. This galaxy population represents about 20-25% of all early-type dwarf galaxies with −18 ≤ M B ≤ −15 in the Virgo and the Coma clusters.
This study shows that the r b,e /h-n plane can be used to select candidates for end products of galaxies in clusters strongly transformed by environmental effects. Future detailed studies of the stellar kinematics and/or the stellar populations of these galaxies can provide additional information on the origin and evolution of this galaxy cluster population.
